in Whites. J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 56 (6) : [1647] [1648] [1649] 1984 .-Previous studies have reported that Blacks have lo-20% more bone mineral than Whites of the same height. Theoretically, this should mean that the lean body mass of Blacks is denser than that of Whites, such that formulas for calculating lean body mass from density in Whites will overestimate the lean body mass (and thus underestimate fatness) in Blacks. To determine if the lean body mass of Blacks is indeed denser than that of Whites, we measured density, total body water, and anthropometric dimensions in 19 white and 15 black male college students. The black and white cohorts were nearly identical in height, weight, and total body water. Among the Whites there was no significant difference between the observed density and that predicted from anthropometry, nor were there any significant differences between the dimensions of body composition calculated from total body water and from observed density. Among the Blacks, however, the observed density was significantly greater than that predicted from anthropometry, and the lean body mass calculated from observed density was significantly greater than that calculated from total body water. These results are consistent with the hypothesis that the lean body mass of the Blacks is denser than that of the Whites. Separate formulas should therefore be used for converting density to body composition. Based on our data, the correct formula for Blacks is: %fat = 100 x [(4374/density) -3.9281. This formula indicates a lean body density of 1.113 g/cm3 in Blacks compared with 1.100 in Whites. body composition; total body water; racial variation; fatness; anthropometry; densitometry DENSITOMETRY was the first practical in vivo method for dividing the body into its fat and lean compartments (2) and is still the most widely used technique for measuring human body composition. Densitometric analysis assumes that the observed body density is an additive function of the densities of fat (0.9007 g/cm3) (7) and lean tissue (1.100 g/cm3) (3), such that all variations in density between physiologically normal individuals can be ascribed to differences in the fractions of fat and lean tissues contained in their bodies (11) .
The validity of the assumption that the lean body mass (LBM) has a constant density of 1.100 g/ml has been 0161-7567/84 $1.50 Copyright 0 1984 the American Physiological Society carefully scrutinized and validated, both theoretically and empirically, for white populations (4) . For Blacks, however, this constant may be inappropriate.
Blacks have a denser and heavier skeletal mass than Whites, with the total weight of the dry fat-free skeleton averaging lo-20% heavier in Blacks (15, 22, 25) . Since the density of bone mineral is three times the density of the rest of the LBM, even small increases in bone mineral could significantly raise the overall density of the LBM. Hypothetically, therefore, equations used to calculate body composition from body density in Whites should give spuriously high estimates of LBM when applied to Blacks. Empirical observations are consistent with this hypothesis. Hampton et al. (8) measured specific gravity and total body potassium (from 40K) in black and white adolescents of both sexes. They concluded that in Blacks the LBM computed from density and 40K is significantly larger than would be anticipated from the subjects' anthropometrical dimensions. Hampton et al. (8) further conclude that this difference is due to "a heavier skeletal structure or more or denser muscle mass" in the Blacks (8) . Other studies have also reported that Blacks have more lean tissue and less fat than Whites of the same anthropometric dimensions when body composition is calculated from density (9, 24) . When body composition is calculated from total body water, however, Blacks do not appear to have a disproportionately larger LBM than Whites. In a study of total body water in 172 adolescent black males, Schutte (20) found that the relationship of height and weight to total body water in Blacks was virtually identical to the previously described relationship in Whites (14) .
The research cited above indirectly supports the hypothesis that the LBM of Blacks is denser than that of Whites, such that the existing equations for converting density to body composition overestimate LBM in Blacks. The objective of the present study was to test this hypothesis directly. Density, total body water, and anthropometric dimensions were measured in heightand weight-matched samples of young male Blacks and Whites. Estimates of LBM and body fat were then calculated separately for each of the three sets of measurements. Statistical analysis was used to determine if observed disparities between body composition estimates, both within and between racial groups, could be resolved by postulating a denser LBM in the Blacks. SCHUTTE ET AL.
METHODS
The subjects, 19 white and 15 black males between 18 and 32 yr, were paid volunteers. All were students at the University of Texas, and informed consent was obtained from each. Underwater weight was measured in a fiberglass-lined tank at a water temperature of 36°C. Residual lung volume was measured by a helium dilution technique, and density for each subject was computed according to the method of Buskirk (5), using a correction of 100 cm3 for intestinal gas. A more detailed protocol of the densitometry has been published elsewhere (13) . Body composition was estimated from density by use of the formula of Brogek et al. (4): %fat = 100 X [(4.570)/ density) -4.1421. Although other equations for estimating body composition from density have been published, each making slightly different corrections for background variables, all such equations assume a lean body density of 1.100 g/ml. Therefore only the one equation (which is the most commonly cited) was used.
Total body water was measured by deuterium oxide (D,O) dilution. Each subject was given an oral dose of 25 g DZO. After a 3-to 4-h equilibration period, a 7-ml urine sample was collected, sealed in a vial, and then frozen until processing. Laboratory processing of the urine consisted of double vacuum distillation of duplicate 1.5-ml aliquots of the sample and then measuring the D20 fractions of the distillates via infrared spectrophotometry. These procedures are described elsewhere (21) . Total body water (TBW) was calculated as TBW (liters) = [DZO dose (liters)/DzO fraction (parts/106)]; assuming the LBM to be 73.2% water (17), body composition was calculated as follows: % fat = 100 x [wt (kg) -TBW (liters)/OJ32]/wt (kg). Anthropometric measurements were performed according to the protocol of Carter (6) . Body density was estimated from anthropometry in each subject by use of six separate prediction formulas (10, 12, 18, 19, 23, 26) , and these were averaged into a single density estimate from each subject. An average of six predictions was used to reduce the errors of estimation produced by the individual prediction equations.
Statistical analysis of the data was performed using the Statistical Package for the Social Sciences (16). Table 1 , the black and white cohorts were quite similar in height and weight, and both groups were near the 50th percentile for American men 18-24 yr of age (177 cm and 73 kg) (1). The observed density of the Blacks was somewhat greater than that of the Whites, although this difference did not reach statistical significance. Total body water was nearly the same in both groups. Table 2 presents the calculated dimensions of lean body mass and total body fatness as derived from the measurements of total body water and observed density. Among the Whites calculations of body composition from densitometry and total body water analysis yielded virtually identical results. Among the Blacks, however, calculations based on the densitometric procedure yielded a significantly greater lean body mass and a significantly lower percentage of body fat than calculations based on total body water analysis.
RESULTS

As shown in
In Table 3 we find that the observed density of the Whites does not differ significantly from the density that was predicted from their anthropometric dimensions. In the Blacks, however, the observed density is significantly greater than that predicted from anthropometry. The predicted density was nearly the same for the Blacks and Whites, a reflection of their close anthropometric similarities.
DISCUSSION
The close match of our black and white sample cohorts in height, weight, total body water, and anthropometric dimensions supports the assumption that the black and white cohorts also had approximately the same mean body fatness and lean body mass. In Whites the observed density does not vary significantly from predicted density, nor do the dimensions of body composition computed from density differ from those computed from total body water. Yet in the Blacks, the observed density is signi ficantly greater than the predicted density, a lean body m .ass calculated from observed density .nd the is significantly greater than that ca lculated from total body water. All these observations are consisten t with the as Broiek et al. ( 4) we calculated that a 36% greater bone mineral conten t would be required to raise the density of the lean body mass from 1.100 to 1.113 if we assume the entire difference between Blacks and Whites to be due hypothesis that Blacks have a denser lean body mass to variation in this one component.
Because a 36% than Whites. Thus when lean body mass is calculated greater bone mineral content in Blacks falls outside the from density in Blacks with equations derived from white lo-20% range observed from in vitro skeletal studies (15, populations, a spuriously high calculation of lean body 22, 25) , it is likely that a greater nonosseous mineral mass will be produced.
and/or protein content also contribute to the greater If it is assumed that the fatness estimate calculated density of the lean body mass in Blacks. This is consistfrom total body water approximates the "true" fatness ent with the suggestion of Hampton et al. (8) that Blacks in both groups (Table 2) , then regression analysis reveals might have a denser muscle mass than Whites. Muscle that the equation for converting density to percent fat biopsy studies combined with in vivo bone mineral meain Blacks is as follows: %fat = 100 X [4374/density) -surements are needed to quantify the differences in lean 3.9281 (r = 0.89; P < 0.001). The density of the lean body body composition between Blacks and Whites. Whatever mass (DL& in Blacks is derived from this equation by the source of this variation, however, it is sufficiently solving it for density, assuming fatness = 0%; thus DLBM large to warrant the use of separate formulas for Blacks = 4.37413.928 = 1.113. The derivation of the density of and Whites when estimating body composition from the lean body mass from the separate densities of its body density. individual components was considered in depth by Broiek et al. (4) . Using the same component density values Received 17 October 1983; accepted in final form 16 January 1984.
